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(57) [Abstract] 

[Problem] It is used at time of producing unsaturated 
arboxyhc acid with gas phase catalytic oxidation 
reaction of thealkane, niobiunvcontaining catalyst 
where unsaturated carboxylic acid yield is superior is 
ofTered " 



P2 



[Means of Solition] Ccoliig aqueous solution or aq 
ueous suspension liquid which includes oxalic acid 
and niobium conpound,the separation and removal 
doing solid component from suspension which is 
acquired, itmanufactunes catalyst making use of 
niobium starting material liquid which adjusted 
therriobiunK»ntaining liquid which is acquired, mole 
ratio 2 to 4 of oxalic acid / niobium 



1 1 1 «ana±-efc*»*9ii ICE 



[»*«3] K««*<^co~<ft^ (i) T»«**isfl;**7f 



MolVaNbbXcZdOn 



(I) 



«**#XttTa*iJ:i;sb4v6Stfti4^35i:< fct iaa 

«±<D3rc*$$U f£#2liW, Cr, T a . Tl, Z r . H 
f. Mn, Re, Fe, Ru, Co, Rh/Ni, Pd, Pt 
. Ag, Zn, B. AK Ga, In. Ge. Sn, Pb % P 



O. 1^a^1. 0 



0. 0 O 
0. 01^cSl.-0 
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[flf*£4] l»*fc«*<i>'J-*lcfi»*nTL**Zt*1»«i: 

r at*** 1 - 3 ourn^ 1 *KiB«<Dtt«<&ia4i;*au 



[CMn(s)] 

[Qaiml] Gas phase catalytic oxidation reaction doin 
g alkane, being a preparation method of catalyst which 
is used inorder to produce unsaturated carboxylic acid, 
includes niobium, coolipg aqueous solution orthe 
aqueous suspension liquid which includes oxalic acid 
and niobium compound, preparation method of 

theniobium-containir^ catalyst which designates that 
you obtain suspension, separation and removal do 
thesolid component from said suspension and you 
adjust niobiimcortainirg liquid which is acquired, 
themoleratio2to4of oxalic acid /niobiun\ you use 
as niobium starting material liquid as feature. 

[Claim 2] Preparation method of catalyst which is stat 
edinQaiml whichisaat least 1 kindwbere said 
niobium compound is chosen fromniobic acid and 
niobium hydrogen oxalate. 

[Claim 3] Preparation method of catalyst which is stat 
ed in Claim 1 or 2 which desigpatesthat it is a 
conpound where said catalyst is shown with following 
General Fornula(I)as feature. 



MolVaNbbXcZdOn 



(I) 



(The conponent X in Fomula to display is chosen fro 
mTe and theSb element of at least I kind which, As for 
component Z W, Cr , Ta, Ti, To display element of at 
least I kind which is chosen from Zr,tteH£ Mi, Re, 

Fe,Ru, Co,theRh, Ni, &l, Pt, Ag, Zn,theB> 
Al, Qa> In,Ge, Sn,thePb,P, Bi,Y, rare earth 
element and alkaline earth element, asfor a,h,c,dand 
n atomic ratio of per Mo atomdisplaying, . 

0.01^1.0 
0.01SS1.0 
OSH.O 

So it is> in addition n is a quantity which is decided b 
y theoxidation state of other element. ) 

[Claim4] Preparation method of catalyst which is stat 
ed in any one claim of Claim I to 3 whichdesignates 
that said catalyst is borne in silica as feature. 
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LT, B-P-0S««E (#^6-1 1720^«) B 
,-Mo-V-Ag-OStttt C*M¥2-83348#'l4 
V ~ Au/A «-°^*« W5-1 78 7 74 
^m) . tfVi»TfM**lfcp-Mo-03MU| (±H6 
Ail r?"i ry Let,9f «. H95if, p. 5 

Sb - p - 035 *« (tt«»»»00 1090 



ed in Gtamri which designatesthat it is a 20 to 60 
15 ^ ratio of s'ica-bom catalyst where 

[Claim6] Starting material of said silica support being 
amnonium ion, preparation method of catalyst 
whichis stated in Claim4 or aaim5 which designates 
that it is asol which is stabilized as feature. 

[Oam?] Gasphase catalytic oxidation reaction doin 
gaJfcnie, when it produces unsaturated carboxylic acid 
Wactunngrnethod oft^ur^uratedcarSic 

^i V ?°i- d f gnat ^ that k «• niobiurncontaining 
catalya which was adjustedby preparation method 
which it states in any one claim of Claim I to 6 as 
feature. 



[Description of the Invention] 
[0001] 

nechnological Field of Invention] This invention, rega 
ajpr^ionirethod of compound oxide catalyst 
which includes niobiunMhich is used for gas phase 
catalytic oxidation reaction of alkane, and 
manufacturing method of unsatuated carboxylic 
acidwfuch uses said catalyst 

[0002] 

[Prior Art] As manufacturing method of unsaturated car 
boxylicacid irtil recently, under existing of 
catalystthe oxygen and contact reaction doing 
propylene and isobutene or other olefin with high 
temperature,via acrolein and rrethacrolein or otier 
a^feconpourd method which it produces with 
tne^epsitislax)wnnt^asgerieraJireuVxt On 
one hand it uses for alkane starting material recently in 
place of olefin, thegas phase catalytic oxidation 
reaction does under existing of catalyst and method 
which producesthe unsaturated carboxylic acid is paid 
attention ' 1 

[0003] Vapor phase catalytic oxidation doingfer exa 
frple propane and isobutane, P - Mo - 0-based 
catalyst which was treatedwith B - P - abased catalyst 
(Japan Examined Patent Publication Hei 6 - 1 1720 
disclosure) Bi - Mo - V - Ag - O-based catalyst (japan 
Unexamined Patent Publication Hei 2 - 8 334 8 
disclosure) P >- V- Au/ Ag - O-based catalyst (Japan 
Unexamned Patent Publication Hei 5 - 178774 
disclosure) and pyridine as catalyst inordcr to produce 
^!\ c ™ d ^methacrylic acid with one stea ( Ifeda 
and others and Chemistry Letters (0366-7022, 
CMLTAG) , 1 995 ,p.54 1 ), Mo-Sb-P-0 catalyst 
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9itLX, Mo-V-Te-N.b-0i«i8 (*fBf§^6-27 
935 1^&ftu ft&fl¥7-1 080 1^&$8, ftSSRMO- 
36 3 1 m'&n* «88¥1 0-578 1 3^«) % Mo- 
V-Sb-Nb-OS«tt Pft&8¥9-2 7 8 6 8 0^ 

#SB¥9-3 1 60 2 3-^»fS, ftBfl^l 0-36 3 1 1^ 
fB, #§B¥1 0-4 5 6 64-Slttfg, #B8¥1 0-578 1 3 
*MH¥l 0-1 1 849 1^18. ft§8¥l 0-1 2 
0 6 1 m'Am. 10-12811 Z^AW Kiitfte 

NbC I 5 ££<D/\Dy><t1&K Nb (OC 2 H 5 ) 5 ft if© 

SflspoSTtf* Ll*£: I* ? f«ofc 9 ±E1#88¥ 7 - 1 
0 8 0 1 m^n. ttH¥ 1 0-57 8 1 3-S^#-ei*. tt&SB 

7<7 y^»cos«?^^*#r^^*88^LrusA<. M«n 



(European Patent UUtuyw* specuicaiion>ana r - ivju - 
V-Obased catalyst (Japan Unexamined Patent 
Publication Hei 4-59739) etc are proposed But, as 
for these catalyst, yield , or selectivity of acrylic acid or 
thenBthacrylicaridwKchisnBcfe object is fully with 
those which it can besatisfied On one hand Mo -V- 
Te-Nb-Obased catalyst ( Japan Unexamined Patent 
Publication Hei 6-279351 disclosure, Japan 
Unexamined Patent Publication Hei 7 - 10801 
dixlosure, Japan Uiexairined Patent Publication Hei 
10-3631 1 disclosure and Japan Unexamined 
Patent Publication Hei 10 - 578 13 disclosure ),Mo - 
V-Sb-Nb-O-based catalyst ( Japan Unexamined 
Patent Pifclication Hei 9 -278680 disclosure, Japan 
Unexairined Patent Publication Hei 9 - 31 6023 
disclosure, Japan Unexamned Patent Publication Hei 
10-3631 1 disclosure, Japan Unexamined Patent 
Publication Hei 10 - 45664 disclosure, Japan 
Unexairined Patent Publication Hei 10 - 57813 
disclosure, Japan Unexamined Patent Publication Hei 
10- 118491 disclosure, Japan Unexamined Patent 
Publication Hei 10- 120617 disclosure and Japan 
Uhexanined Patent Publication Hei 10-128112 
disclosure) etc is proposed a9exarrple of catalyst 
which includes niobium With disclosure regarding 
catalyst which uses these niobium, using the niobium 
ammonium oxalate salt , niobicacid, niobium 
ltydro@enoxalate,Nb2Q5,Nba5 or other halide 
andNb(OC2H5)5 or other alkoxide as thestarting 
material of niobium which is used for manufacturing 
catalyst, isstated catalyst which is manufactured 
making use of these niobi im conpound has had 
theselectivity where acrylic acid is high, but when 
conversion ratio of propane israised, there was a 
problem that decrease of selectivity of acrylic acid 
isconsiderable. Above-mentioned Japan Unexamined 
Patent Publication Hei 7 - 10801 disclosure , with 
Japan Unexamned Patent Publication Hei 10-57813 
disclosure, step which pdverizesthe catalyst in 
catalyst preparation process, furthermore is added, step 
which theheat treatment is done such as is addedin 
oxygen-containing gps stream doing catalyst, 
methodwhich selectivity of acrylic acid is inproved is 
disclosed, but there was aor other problem where 
catalyst preparation method becomes troublesome. 



[0004] 



[0004] 

[Problems to be Solved by the Invention] It is somethi 
ng which designates that preparation method of 
niobiumcontaining catalyst which canachieve 
unsaturated carbolic add yield where this invention, 
when conversion ratio of alkaneishigK has selectivity 
where unsaturated carboxylic acid is high, is superior 
in resultingpnd manufacturing method of unsatirated 
carboxylic acid which ices said catalyst are offered as 
theobject 
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Mol VaNbbXcZdOn (,) 

'. Mb R, F ., Ru. Co. R h , Mi. Pd, Pt 
' £?' 5 n *!«-l <Ga ' So. Pb, P 

J"S< * 1 «Jg»sU:07C*$« U a b C „l±M 

0. l£a£l. o 
0. 01SbSl. o 
0. OlScil. 0 
O-Sd^l. 0 



[0005] 

[Means to Solve the Problems] As for these inventors, 
propane , vapor phase catalytic oxidation doing 
isobutane or other alkane, result of di liW 
legation, after cooling, the filtering aqueous 
solution or aqueous suspension liquid which includes 
oxahc acid andthe niobium compound concernim 
preparation method of catalyst which contains, 
niobiumn order to produce unsaturated carboxylic 
acid catalyst which it rranufectures theniobium- 
cortai rang liquid wh. d .is acquired as start! t% material 
uang discovered feet thatthe unsaturated carboxyi ic 
aad yield which is superior is given, this invention 
reached to completion 

[0006] As for namely, this invention 

( 1 ) Gas phase catalytic oxidation reaction doing alkan 
e, m order to produce unsaturated carboxylic acid they 
are iBed, Bemg a preparation method of catalyst which 
includes raobiurn being, Cooling aqueous solution or 
aqueous suspension liquid which includes oxalic acid 
and raobiumcompound,the suspension to obtain, 
separationand removal doing solid component from 
aid suspension, is acquired mobiunvcontairang 
liquid which, preparation method of niobium- 
containing catalyst which designates that you adjust 
mole ratio 2 to 4 ofthe oxalic acid / niobium you use 
as mobi urn Parting material liquid as feature, 
preparation m*hod ofcatalystwhich is stated in (I) 
which is a at least I kind where (2) said niobium 
compound ischosen fromniobic acid and niobium 
hydrogen oxalate, preparation method of catalyst 
which isstated in (1) or(2) which designates that it is 
aconpoundwherethe(3) said catalyst is shown with 
following General Formila (I) as feature, 

Mol VaNbbXcZdOn (I) 

(The component X in Formila to display is chosen fro 
m Te and theSb element of at least I land which. As for 

22?E Z !K£' S Tt - To ofat 

•east I kind which is chosen fromZr, theHf. Mn Re. 

fr^ ^'Jrt n j Pd « ai.theT 

de^'Jl^ Sn '^^ Bi ' Y ' dearth 
elem^ and alkalitc earth element, asfor a, b,c dand 
n atomic ratio of per Ma atomfisplaying 

O.I<St£1.0 

OOl^hSI.O 
0.01^1.0 



. ) ww.*otr«»SM & ^«nadditi()nnisaquantityvvhichisdedd^ 

y theowdation state of other element. ) 
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(4) »*MI^5/U/ilCfi***lTt**Cfc*»*tr* (1 
) - (3) <35tA-ftlAMCffia(D««<Dl9S*sfc. (5) *>'J* 

*4kO2 0-6 0M%-e*4Ci«1»«fcr* (4) ice* 
0tt«<oaS^ (6) Ki/y*fiffi»fif»*<T>^^A 

-f^>-e^bLfc^-efc4ct^ettr5 (4) *fci* 

(5) lcS2K0tt«(7)iSS^a. (7) 7** 
ftS«**T^tt»*;U#>»'*»«^*tRLT, (1) ~ 

(6) ot^tiA^a«©sas»j£fc«fcoTias**ifc-^^ 



[0 00 7] ««««RI8HCttWr«. **WTfl*-* 



[0008] c*i6©-^-^ft**tt*m!«»^R*©aftK 



[0 0 0 9] *CZ*l6=*^***fcva.->H*10je, S# 
<l*0. 2-0. 8 (mol-Nb/Kg-iJ) ggm. 



[00 1 0] tt&*0*sjL*}M/=*?*n>it\*3-~G&&tf 



(4) Is stated in any of(l) to (3) which designates that 
said catalystis borne in silica as feature preparation 
method ofcatalystv*ich,Is statedin(4) which 
designates that it is a 20 to 60 wt% of total weightratio 
ofsilicatom catalyst where con^ silica 
consists of thesaid catalyst conponent and silica as 
feature preparation method of catalyst which, starting 
material of (6) said silica support being ammonium ion, 
preparation method ofcatalystwhichisstatedin(4) or 

(5) which designates that it is a solwhich is stabilized 
as feature, gas phase catalytic oxidation reaction doing 
(7) alkane, when itproduces unsaturated carboxylic 
add, it is something regarding manufacturing method 
of unsaturated carbolic acidwhich designates that it 
uses niobiumcontaining catalyst wWdi was adjusted 
by thepreparation method which it states in any of(l) 
to (6) as feature. 

[0007] Below, this invention is explained in detail. 
With this invention niobic acid and niobium 
hydrogen oxalate can be used for ideal as theniobium 
compound Furthermore, niobic acid includes 
niobiim hydroxide and niobium oxide. You can use 
these niobium compound, in form of solid or 
suspension. Before using you can wash niobic acid 
with ammonia water and/or water. 

[0008] These niobiimconpound are times when prope 
rty changp it does depending ipon theadvarce of long 
term storage and dehydration. Regarding to this 
invention, it is desirable to use niobiumconpound 
which doesnot do, property change immediately after 
producing, but it is possible touse niobium compound 
which some property change is done. As for oxalic 
add which is used for method of this invention, 
oxalic acid anhydrideor oxalic acid dihydrate is 
desirable. 

[0009] Aqueous solution or aqueous suspension liqtd 
dean be acquired in water by agjtatingjncluding these 
niobium compound and oxalic acid When niobium 
hydrogen oxalate is used as niobiumconpound, 
aqueous solution or aqueous suspension liquid can 
beacqm'red including oxalic acid. This aqueous 
solution or concentration of niobium of aqueous 
suspension liquid is preferably 0.2 to Octroi -Nb/K 
g- liquid) extent 

[00 1 0] Oxalic acid / niobium mole ratio of addition 3 1 
06 extent is desirable. When mole ratio of oxalic acid 
/niobiumof addition is large, it is possible toincrease 
melting niobium compound, but precipitated amourt 
of oxalic acid becomes manywith following cooling 
process, U9e ratio of oxalic acid becomes low. When 
mole ratio of oxalic acid /niobium is small conversely, 
niobiumconpound which isnot melted increases; there 
are times when use ratio of niobiumbecomes low. 



[00 1 1] fcivc, Z0*%fo£fc\t*\tam&£}*i!}'rZ [OOll] Next, portion ofoxalic acid which is rrelted by 
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kx . < ?£""* Tf * y » **K»*L</i, 2-3. 57? 



coo 1 3] *m-Qmm*ismuimtt te-»* 



en 



MolVaNbbXcZdOn 

Jf^-2*2 ^ ,fiW8b * satf*i**4 < 1 1 1 as 

U±0****U ^ZttW. Cr. t. % T I, 2r , H 
f, Mn Re F.. Ru . Co , Rh, Ni, Pd, Pt 

* Bf"5 n *S«4L; Ga ' G ^ Sn, Pb p 

oi»«fc«(o»jtSu * M 



O- 1£a^1. 0 
0. 01£b£l. 0 

OSd^l. o 



cooling this aqueous solution orthe aqueous 
s^OTjquid, precipitates, precipitation occur* 
u^ag.tafangran acquire suspension riobium- 
contaimng liquid can be acquired by separation and 
removal doing solid component fromtJiissuspension. 
Snptyit can execute separation and rarrovaT with 
*ca^ion or filtration as forcooling simply with ice 

ES^ 8 £ ? xaIic *** 7 «*« «nof this riobi 
unworton.ngIiqu.dis preferably 2 to 4, furthenrore 
isthepreferably and 2 to 3.5. Asforadjustjrentof 
m>Ie ratio of oxalic acid /niobium, adding niobium 
compound or theoxalic acid which is chosen tram 
niobic acid and niobium hydrogen oxalate toniobium- 
contorangliqiad,itispossibleaJsotodo, directly 
moleratioof (^icacid/riobitincanaaiuirerii&W 
containing liquid of 2 to 4, but mole ratio of oxalic 
acid/niobiumoftheaddition, with concentration of 
niobium and controlling cooling 

tenperatureappropriately. 

[JOB] Desirable catalyst where it is used with this inve 
ntion is something whichis shown with below- 
mentioned General Fonmula (I). 

MolVaNbbXcZdOn (I) 

S^!K?^' n Fo ^atodisplayischosenfix) 
mTe and theSb element of at least 1 kind which, As for 

£S?S. Z SL^ ' 5 ? To *P"V elenrnt of at 
n J which is chosen from Zr, tteHf Mn Re. 

^LS^^^'M' Bi « Y, rareearth 
element and alkaline earth element, asfor a, b, c , d and 
n atomc ratio of per Mo atomUsplaying, 

0.1 ^a<1.0 
O.OI3b<1.0 
0.01^1.0 

osd<i.O 

So ft is, inaddiUon n is a quantity which is decided b 
ytneoxidation state of other element ) 

Startingmaterial of metal component which is used in o 
• toP^ catalyst ofthe this invention especially 
usedf ™deal be,owtmaitioned wnpoundcanbe 



Z>**>*mizmi*Zt*<T!Zi. **zmlm± I ' ^rT eforideaI - darting material ofTe and SI 
*t™f*?***** *** mZi*fk» Sfc ^ctel'mc acidand antirrony oxide 

KtofoHZmi^ZttfTtZS. JB fof'*? 1 ^'ngn^alofconponentZc«anic 

acid salt of respective component, can use the nitrate 
salt, chloride and hydroxide or oxide etc 
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[0015] ^yftOjflfttt, > V A % S)U£tmizmi*Z> Z t 
(fiiifcfSi^Ig) ^^'JT^r^TZ^E-^A. 



[001 6] zo>&£ffiz % ntnr. *§tWTmh>ti%-*y 



fc ttfts ; x^srsc t ckoTff^zt^-e^^. $a*»sii % 
c*#i?££ a »a0tt»«APiagiii so-soo^t? 



[0017] («&Xg) fc«Ig-C# b tlfc*£««H* £«fifc 
r * C tic J: o TH1bttM«£ft « C t A<7?^ So &J*ttS* 
*t # 0)55fIMlc»«^*7S^^x5?assT, 5 0 0-700 
°C. »*L<l*550~650^T£ffit-£C<tj6<7?£S o fit 
rtWHHiO. »*L<li1~8BSIHT?fci. ft 

200-4001C, 0. 1 -ttttlfcrftC 



[00 18] **w©»<b«itt«l*ffl^r, y/ua>£ft«te 



[001 5] Starting material of silica can U9e silica sol for 
deal. It .is desirable to use sol which is stabilized with 
ammonium ion inconparison with silica sol which is 
stabilized with alkali metal ioa 

(Starting nBterial blending step) .Mixed solution of am 
ironiumheptamolybdate, amronium metavanadate 
and telluric acid is manufactured When antimony is 
used, slurry which consists of ammonium 
metavanadate aqueous solution and theantimony oxide 
after heating it adds ammonium heptarrolybdate, 
addii^tdltricaddd^CTxlinguponin case, it 
manufactures mixed solution. 

[0016] In this nixed solution, under agitating adding 
aqueous solution which includes thecomponent Z of 
niobiumstarting material liquid and Fomula (I) which 
are acquired with this invention rtcan acquire starting 
nBterial combined liquid. When silica-born catalyst is 
nBnufactured, under agitating adding silica sol tothis 

combined liquid, it can acquire Starting material 
combined liquid 

(Dying process) Dying contined liquid which is acq 
inred with starting material blending step with spray 
dryir^methcdortheevapcralingto 
it can acquire dry powder. To do with centrifuge 
system, two-fluid nozzle system or high pressure 
nozzle type it is possible atonizationin spray drying 
method drying heat source can use air which is 
heated by steam and electric heater etc. dryer inlet 
tenperatire of hot air 1 50 to 300 °C is desirable. 

[0017] (Baking step) Oxide catalyst can be acquired by 
calcining dry powder which is aoquiredwith drying 
process. Under g^s atmosphere which nitrogen or 
other substantially does not include thcoxygpn, it can 
execute calcining with 500 to 700 °C and preferably 
550to650°C. smtmngtimeis0.5to20hour and 
preferably 1 to 8-hour. Calcining be able to use rotary 
furnace, tunnel furnace , tube furnace and fluidized 
roasting oven etc, while circulating gas which does 
not include oxygpnsubstantial ly it is possible to do. 
Before this calcining under air atmosphere or under air 
stream, 200 to 400 X, the 0.1 to5hours andfiunt 
calcinipg is possible. 

[001 8] Making tee of oxide catalyst of this invention, 
gas phase catalytic oxidation reaction doing alkane, 
regirdingto method which produces unsaturated 
carboxyl ic acid, as alkane of the starting material 
especially it is not limited, but it is desirable to use the 
propane and isobutane. alkane always does not 
have necessity to be a higft purity, trace containii^j 
alkane and alkene etc where quantity ofcarbondifTers 
as inpurity, is not a what problem 



[00 19] m*to»*ttmMkLTtt*mM*mmr*Zb [(X)I9]Pureoxy8^canbeusedasrroIecdaroxy^ 
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*a:««ZfX=1:0. 1"10. 0:0^7 0-0-20 
T?»l«l*<Dtf»*L<, Jt«ff*L<tt, 1:6. 1-5 
• 0 : 0-40 : 0~20T?&£. 



[0 0 2 0] SGcDffai*, *SE T , ^DETtfcli^ET-e 
g*LTtai»# % ff*L<«:0. 1-10atm. 

■""'**• «*a§EI*2 8 5 0 0t 

T?SlSr4CiA<-e^5At, »*L< 1*2 8 0^-4 5 0^1? 

Wtt#X-&tt*£4>gttlfNliO. 1-30 (sec • 
g/c c) , #£L<li0. 1-1 0 (sec • g/cc) -e 



u ******* >SBteLT«efiiM 

f^t£?o L *C "ti * 



[0022] 



[0 0 2 3 J felT05llfi«tfclt4^P/<>|ijb* 7 



oi starting material, but becaieeespecially highpurity 
ts not required, air or niJdng use ofthe air which 
OTchmOTt is done with pure oxygai it is good In 
addition, it is possible to supply water vapor , helium, 
neon,the argon, charcoal acid gis and nitrogsn etc 
as dilutiOTges depending^ in case. Asfor 
composition ratio in startup material gjs which is 
supplied to reaction is notsorrething which especial I y 
is limited, but it is desirable to beexecuted with alkane 
: oxygen : water vapor : dilution gas =1 : 0. 1 to 1 0.0:0 
to70:0to20,itisa more preferably anda 1:0.1 to 5 
0:0 to 40:0 to 20. 

[0020] Pressure of reaction is good executing, under a 
tmospheric pressure, underpressurizii£or under 
vaoaan but preferably 0. 1 to 1 0 atm , ftrthernDre it is 
apreferably 1 to 3 atm Itcanexecute reaction 
tenperature with 280 °C to 500 °Q but it is a 
preferably 280 °C to 450^. cortacttiire of starting 
matenal g^s and catalyst is 0. 1 to 30(s * gfcc) and 
preferably 0.1 to 10(s * gte). 

[002 1] Reaction system can adopt fixed bed system, 
flmdized bed system and movii^ bed system etc, 
but asfor this reaction fromfact that it is a exothermic 
reaction, AuidizBd bed reaction system which can dotte 
tenperature control inside reactor easily is desirable. 
Regarding to this invention, when conversion ratio of 
alkane is high, it canachieve selectivity where 
unsatuated carboxylic acid is high, b* adjustii^ 
composition ratio ofthe startii^ material gis which it 
supplies to reaction, when it makes common ratio 
ofthe alkane low, because you can control sequential 
disassembly ofthe unsaturated carboxylic add which is 
a J^8 et product, it is possible furthenrore to raise 
thesdectivity of unsaturated carboxylicacid In this 
case, it separates unsaturated carbolic acid from 
outflowing suhstance of reactor/ecovering, it is 
possible to supply unreacted alkane to reactor for 
thesecond time. 



[0022] 

[Embodiment of Invention] Below this invention, pra 
uSion Working Exanple of niobiiro starting rrateria 
liquid, productionWoridng Exanple of catalyst and 
you explain in detail production Workii^ Exanple 
ofthe acrylic acid due to g^s phase catalytic oxidation 
reaction of propane making use of; but if the this 
invention does not exceed gist, it is not something 
which is lirritedin these Worki^ Exanple. 



[0(^] f uthermore, propane conversion ratio , acrylic 
acid selectivity and acrylic acid yield in Woridi* 
Exanple below the are defined with each next fnrmila 



(WILfc^a/O©*^) x i oo P^conv^onrati 0 (%) "(Reactsnurterofirol 

es of propane which) / (It supplies nunfcer of iroies 

mS 6 ^^' V ^ m . ^ be enxw in the above translation. I STA cannot 

beheldhabJeforajydetnnwtfromitsuse. WWW: http://wwwjnU9rience.c0m Tek&^30^5727) 
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of propone which) X100 



lit -SI 



IBUBLfcfatiXDGMK) x 1 0 0 



(ttf&Lfc^P/OO^JI'lk) x 1 O 0 



[0024] 

immm 1 ] (-*7iiM*&<&iss!) *6562 g icNb 2 o 

5 £LT80. 0SS%£^*rt£=*:7&6 6 4. Ogtv 
a»5>»-#»ai CH 2 C 2 0 4 • 2 H 2 O] 2 7 7 4. 0g$ 

*(0-*:/ggl*0. 4 (mo I — N b/K g— iDD T*h& 0 



[0 0 2 5] Sol$|ZZ(D^^*»1 Og^lSSL, 9 5 

°cr— 6o o°cx-mra»4a3u Nb 2 o 5 o. 

625g^fc 9 C<D*S£^b. -^^SgllQ. 47 (mo 
!CZ0)r:^^^i*3 gJRSL, ft8 0°C(D»7k2 0 0m I 

h**-5-±-C;&R7 0°C|c&*SA<b. »»T. 1 / 

4&£KMn0 4 SfflHTftSLfco KMn0 4 lZ&Z>frTfr 

^«fe^3o»ia±«<^^n^tufc. v^L^aosg 

tt, a»SS36^*SWC«oTSt«Lfc«*. 1.2 2 (mo I 



Acrylic acid selectivity (%)= (It forms number of moles 
of acrylic acid which) / (Reacts number of moles of 
propane which) X100 

Acrylic acid yield (%) = (It forms nunfcer of iroles of a 
crylic acid which) / (It supplies number of moles of 
propane which) X 100 

[0024] 

[Working Example 1] (Manufecturii^niobiun starting 
material liquid) Niobic acid 664.0g and oxal ic acid 
dihydrate QHCzOi *2H2O)2774.0gwhich 
contain 80.0 wt% as theNta Q5 were mixed to water 
6562g. As for mole ratio of oxalic acid / niobium of 
addition as for raobium concentration of the5.5 and 
addition it is a 0.4(mol -Nb/Kg- liquid), aqueous 
solution which nk*ii*nrrelts this mixed solution by 

1 hour heat and stir doing with the95°C, was 
acquired This aqueous solution after standing and 
ice cooling solid was filtered dueto suction filtration, 
niobiumcontaining licpd was acquired mole ratio of 
oxalic acid / niobiumof this niobiitmxmtaining 
I iqirid was 2.6 withbelow-mentioned analysis. 

[0025] Precisely weighing it did this niobiumcontaini 
ng liquid lOg in crucible, with 95 °C after 
overnightdrying 1 hour thermal processing did with 
600 °C, acquired Nh2 05 0.625& From result, 
niobium concentration was 0.47(nx>l -Nb/Kg- 
liquid). This niobiunvcortaining liquid 3g precisely 
weighing was done in glass beaker of 300 ml, 
cortinuouslythe 1:1 sulfuric acid 10 ml was added 
including hot water 200 ml of approximately 80 °G 
While on hot stirrer maintaining solution which is 
acquired* liquid temperature 70 °C, under agitating 
titration it did making use of the 1/4 normal KMnCM. 
Faint pale peach color due to KMn04 approximately 
30 second or more desigiatedthe point which 
continues as endpoint. As for concertration of oxalic 
arid, from titration amount following to next formula, 
as for result which it calculated, it was a \22(wo\ - 
oxalic acid /Kg). 



2KMn0 4 + 3H 2 S0 4 + 5H 2 C 2 0 4 — K 2 S0 4 +2Mn 
S0 4 +1 0CO 2 +8H 2 O 



2 KMnO* +3 H2SO* + 5H2 C2 04-*K2 S04 +2 MnS 
Ot+10CO2+8H2O 



(tt«EOa») ttttf«^(OifilS^Mo l Vo32Nb au To 



It used mobiunvcontaining liquid which it acquires, wi 
thout adjusting mole ratio ofthe oxalic arid /niobium^ 
as niobiun starting material liquid of below-mentioned 
catalyst preparatioa 

(Manufacturing catalyst) Composition formula of cataly 
st conponent being Mol V032Nb 0.1 2 Te 022CH it 
n^nufectured silica-bom catalyst ofthe S1O2 content 
30 weight% following way. 
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[ C 0 2 6 ] 7X 2 3 0 0 g (C ^ ? * * U A 

. »i. £ 6 11 0 < 7 ? w " 4 H 2 03 5 4 6 - 7 « ♦ * 
-/»7^=*A CNH4VO3) 116. 3g^J:t;f^ 

f r 51 • oa 22£SSI5 5 ' ,J * ^ 1 0 0 0 8 * m * m 

HST2 7 5tn*2l*|»«|jfcLfc. C<Dt8fc8 5g£ggW 
>*<Z>SUS«S(C*SU 150Ncc/minfl)S*#X 

°^ "i^L" * = 1 ' 3 ; 2:14:12. 1 a>*H,tt<DZ 

aJ]*&mmmm3. o (s © c • g/ c c) i?ia^#t- 



10 0 2 7] ^ ffi»RIBItt*S-CS*^5„ 



♦SfttBlrH (sec- g/ c c) = (W/F) x 2 7 3/ (2 7 
3 + T) 

(ZZT\ Wtt3t*tt«ES ( g ) ; FttRORiEStfxaEg (N 
c c/e a c) % * LTTttSfljag Ct) ) 

[0028] 

• 2H 2 0) *WLT»tl**fcir 3 0-ti^jS 

WflTUfcJSS, 0. 46 (mo I -Nb/Kg-fc) 



(««<*> W») ««fiWrfl>|8r«3t;&<M o, V 0 n U b 0 , 2 T e 

5. ±tt<r>--t7mnfc£mi\ *<0@ffis$8O2 1 g t 



!^^^"? lheptan,D, y Mate ((NH4)6Mo?Q 
4 4 H2U ) 546.7g. sequential adding ammonium 

metavanadate ( NHt V03) 1 16.3gand telluric acid 
(J* Te OS) 1 56.9g to water 2300g, heating to 60 
^Cand after melting, cooling to 30 °C it acquired 
mxed aqueous solution. Next, in tin's nixed aqueous 
solution, sequential adding silica sol lOOOg which 
contains the30 wt% as above-mentioned niobium 
starting material liquid 785.0g and silica it nixed, 
acquiredthe catalyst starting material combined liquid 
this starting material combined liquid was dried inlet 
temperature 240 °C and outiet temperature being 145 
°Cwith centrifugal type atomizing dryer , dry powder 
of microsphere was acquired dry powder which is 
acquired 2 hours was calcined with the275 °C under 
airatmaphere. TKspowder85gitwaslilledinSUS 
^ffT^i / nch ' ""ferthenitrogeng^ stream 
of 1 50N cc/mn, 2 hours calcined with 600 °C and 

acquired thesilica-born catalyst, (oxidation reaction of 
propane) catalyst 2g it was filled in fixed bed type 
reaction tube of internal diameter 1 0 mm, under 
reaction temperature 380 °C and reaction pressure 
ambient pressure passed nixed gas of mole ratio of 
propane:02 : H20:He= 1:3 2:14 : 1 2.1 with 

thecontadtiiTE3.0(s*g/cc). result which is acquired 
is shown in Table 1. 



[0027] Furthermore, contact time is defined with next f 
omnia. 

Contact time (s ♦ g/cc)=<W/F) X 273/(273 + T) 

(Here, as for Wamount of packed catalyst (g) AsforF 
as for raw material nixing gas flow (Nccfcc), and T it is 
a reaction temperature (°Q. ) 

[0028] 

[Working Example 2J (Mainjfacturingniobiini starting 
material liquid) i n order in niobiunKontaining liquid 
of mole ratio 2.6 of oxalic acid / niobiumof Working 
Example 1 .furthermore to become mole ratio 3.0 of 
oxalicadd/niobium, heating indudirgtheoxalicacid 
dihydrate (H2 C2 04 * 2 H20 X after irelting, it 
cooled to 30 °C it used liquid which is acquired as 
niobium starting material liquid of thebelowrantioned 
catalyst preparation As for niobium concentration in 
thsracWumstarting material liquid as for result of 
analyzing in thesame vsay as Working Example 1 it 
was a 0.46(mol-Nb /Kg- liquid). ' 

(Manufacturing catalyst) Composition formula of cataJy 
st component being Moi V032Nb a 1 2 Te 0220^ 
besides amount used isdeagnated as 802. Ig silica- 
bom catalyst of Si02 content 30 weight%, making 
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[0029] 

Qtttfll] (~*^W»»«)B»)-KIE«|l4H«(=LTft 

tHfclCLTfltfrLfcJS^ 0. 4 1 (mol-Nb/Kg- 



(ttttCDHSt) «&f£#<D*afi£5tt<M of V 0 32 N b 0 l2 T e 
0 .22O n T*feoT, SiO 2 ^f3 0$S%(Dv'jA'Sfttttt 



[0030] 

[5eJ6«3] (-*-Jfim&0)®m 7K7 8 2g(CNb 2 0 5 i: 
LT8 0. 0»g%££*rfS-:t:7it6 6. 4gtvzL^» 
-7K»*8 CH 2 c 2 0 4 • 2 H 2 o] 15 1. 3 g £zE£ Lfc* tt 

a^(DvjL^a/^^a)^;uit^3. o, tta^o^^a 

gl*0. 4 (mo l-Nb/Kg-ft) CCOjg^a^ 

^s^-ei^fsitoftaffriciicioT. ^m-timx* 

tSMzLTttffL*:*^ 0. 4 1 (mol-Nb/Kg» 



liquid, manufacturing 
Exanple 1 itacqiired s 



(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Exanple 1 making use of catalyst which it acquires, 
result is shown in Table I. 

[0029] 

[Comparative Example 1] (Manufacturing niobium starti 
ng material liquid) It is acquired, in same way as 
Working Example 1 it ised without ice coolingdoii^ 
liquid of mole ratio 55 of oxalic acid / niobium which 
niobium melts, thatway as ni obi tm starting material 
liquid of below-mentioned catalyst preparation. As for 
niobium concentration in this niobium starting material 
liquid as for result of analyzing in thesarre way as 
Working Example 1, it was a 0.41(mol -Nb/Kg- 
liqidd). 

(Manufacturing catalyst) Oonposhion formula of cataly 
st component bang Mol V032Nb 0.1 2 Te 02201, 
besides amount teed isdesgpated as 899.9g silica- 
bom catalyst of SiQ2 content 30 weight%, making 
use of theabove-mentioned niobiun starting material 
liquid, manufacturing, in same way as Working 
Exanple 1 itacqiired silica-born catalyst. 

(Oddation reaction of propane) Oxidation reaction of 

propane was done with same condition as Working 
Exanple Imaking use of catalyst which it acquires 
result is shown in Table 1 . 

[0030] 

[Working Example 3] (Manufacturing niobium starting 
material liquid) Niobic acid 66.4gand oxalic acid 
dihydrate (H2 C2 04 * 2 H20) 151 Jg which 
contain 80.0 wt% as theNb2G5 were mixed to water 
782g, As for mole ratio of oxalic acid /niobium of 
addition as for niobium concentration of the3.0 and 
addition i t is a 0.4{moI-Nb /Kg -liquid), aqueous 
suspension liquid which includes insoluble niobium 
component this mixed solution by 1 hour heat and stir 
doing withthe 95 °Q was acquired This aqueous 
suspension liquid after standing and ice cooling, 
solid was filtered, the niobiunvcontaining liquid was 
acquired As for niobium concentration in this 
niobiunvcontaining liquid and mole ratio of oxalic 
acid / niobium, as for theresult of analyzing 
respectively, in same way as Working Exanple 1, it 
wasa 0.41 (mol-Nb /Kg -liquid) and a 2.8. It used 
this niobiun>conlaining liquid, as niobium starting 
material liquid of below-mentioned catalyst preparation 
withoutadjusting mole ratio of oxalic acid /niobium 

(Manufacturing catalyst) Composition formula of cataly 
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[0031] 

[SJStt 4 ] (=*Zfm%<nmm *4Q84gfcNb,0 
158 (mol-Nb/Kg-») t^fc. 



(ttKOHII) tttt«#<D«j£ft*<M o, V aa2 N b 0 ,,T e 
0 22O„-C?*or, S i 0 2 £*fi 3 0 * ja^fcjg 



[0032] 



si component being Moi V0J2Nb ai 2 Te 0220n, 
besides amount used isdesignated as 899.9b silica- 
bomcatelyst of SiOB content 30 weight^ irakim 
use of theabove-rrentioned niobiimstarting mtfenal 
"quid, manufacturing, in same way as Working 
Example I ltacqirired silica-bom catalyst 

(Oxidation reaction of propane) Oxidation reaction of 
propane vyas done with same condition as Working 
Example lmakrng use of catalyst which it acquired 
result is shown in Table 1 . 



[0031] 

[Working Exanple 4] (Muiufacturing ruobiumstarting 
material hqud) Niobic acid 664.0gard oxalic acid 
dihydrate (H2 C2 Ot * 2 H20 ) 252.0g which 
certain 80.0 wt% as theM>20s were mixed to water 
4084g. As for mole ratio of oxalic acid / niobiumof 
addition as for niobiumconcentration oftheO 5 and 
adcfiti(Mitisaa8(rrDl-Nb/Kg-liquid). aqueous 
suspension liquid which includes insoluble niobium 
component this nixed solution by 1 hour heat and stir 
doing withthe 95 was acquired. This aqueous 
suspension liquid after standing and ice cooling, 
solid was filtered, the niobiumcontaining liquid was 
acquired. As for niobiumajrexntration in this 
ruobium^ontaming liquid and mole ratio of oxalic 
acid / niobium as for theresult of analyzing 
respecti\dy, in same way as Working Exairple 1 it 
w*a 0.1 6(mol - Nb/Kg. liquid) andall Inorder 

oxalic acid/ 

niotauiunthisiiiobiuTvcort^^ 
includ^o^icadddihydrate, after ireltmg. itcooled 
to30°C it used liquid which is acquired as 
raobiumstarting material liquid of thebelowsiwlioned 
catalyst preparation As for niobium concentration in 
Jshquidas for result of analyzing in thesarre way as 
Example I, it wasa 0.1 58(nt>l - Nb/Kg- 

(Manufacturing catalyst) Composition formila of cataly 
st component being Moi Va32Nb a 1 2 Te Ot220h. 
besides amount used isdesignated as 2335.2c silica- 
bom catalyst of Si02 content 30 wdght°/o^nBkirg 
use of theabove-mertioned niobiumstarting material 
Uqind, manufacturing, in same way as Working 
Example 1 ltacqirired silica-born catalyst. 

(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Example lmaking use of catalyst which it acquires 
result is shown in Table I. 

[0032] 

[Working Example 51 (Manufacture niobiun stan lm 
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(tttttOSS) M0Mo,V o 32N b 0 , 2 T e 0 220 n -tr* 



[0 0 3 3] *1 6 5 0 g/Z^^^^E 'J^-r^T^^-^A 
C (NH 4 ) 6 Mo 7 0 24 - 4H 2 0) 3 90. 5g, 
>»7>*-»>A CNH4VO3) 8 3. 1 gSJctfrJU-JUB C 
HeTe0 6 ] 112. og$g*ai*. 6 0lCI=»l»LT»* 
Lfc&. 3 0^£T?#iflLTigS*;8;&£1§fc:., ftlfCZaS 
^*j8»lc, ±!2<D-4-^IS«a 5 6 0. 7 sttMLTSft 

ffll;XAPiflg*<2 4 0^ a}P3igj6<1 4 5tT-|£j*L. a 

7 5 1CT? 2 If Mftjft Lfc. C 8 5 g £ES 1 -f >*(0S 
U SSSlCftSU 150Ncc/min <Dg3R#X3SaT, 

6 o o tv 2 mm** l xf&m z & fc . 



material liquid) Niobiumstarting material liquid ot mole 
ratio 2.6 of oxalic acid / niobium was acquired to 
similar to the Working Example l . 

(Murfacturing catalyst) It manufactured catalyst where 
composition formula is shown with Moi V032Nb ai 
2 Te O220n, thefollowing way. 





W 


IM 1 





4*4 H2O ) 390.5g, sequential adding ammonium 
metavanadate ( NH4 V03) 81 Ig^nd telluric acid (H6 
Te 06) 1 120g to water 1650& heating to 60 °Cand 
after melting, cooling to 30 °C it acquired nixed 
aqueous solution Next, adding above-mentioned 
niobiumstarting material liquid 560.7g to this nixed 
aqueous solution, it rrixed^cquired catalyst starting 
material combined liquid This starting material 
confined liquid was dried inlet temperature 240 °C 
and outlet tenperature being 145 c Cvvith centriftg^l 
type atomizing chyer, dry powder of microsphere was 
acquired dry powder which is acquired 2 hours was 
calcined with the275°C under air atmosphere. This 
powder 85g it was filled in SUS tube of diameter 1 
inch, under theritrogen g^s stream of 1 SON cc/min, 2 
hours calcined with 600 °C and acquired thecatalyst. 



. 5 (sec • g/cc) 4LfclsmttSEiE«1 tHC*ft-C 



[0034] 



(IttiatCDiaS!) fflfifcjt^M 0| Vq 32N b 0 12 T e 0 22 °n"^ 
2. 8giLfc*li*lg«5tS«(zLTiaKLT«tt^»fc 



[0035] 

[£»0i6] (^^flmata>nit) *i ooo g izNb 2 o 

5 t LT 1 4. 9M%***r«i->a->ll**=*^9 1 7 
g$zS£Lfc. ttJi^O-^^SSIiO. 54 (mol-Nb 

/Kg-st) -eas. coa***9 5ic-eii»»*i»affr 



(Oxidation reaction of propane) Other than designating 
contact time as 1 .5(s * gtoc) making use of 
catalystwhich it acquires, oxidation reaction of 
propane was done with same conditionas Working 
Example 1. result isshown in Table 1. 

[0034] 

[Corrparative Example 2] (Manufacturing ni obi umstarti 
ng material liquid) Niobium starting material liqtdd of 
mole ratio 5.5 of oxalic acid / niobium was acquired to 
similar to theConparativ^ Example 1. 

(Manufacturing catalyst) Besides amount used is desg 
nated as 64Z8g catalyst where conposition forradais 
shown with MolV0J2Nb 0.1 2 Te 0220*1 making 
use of above-mentioned niobiumstarting material 
liqudjnanufacturing in same way as Working 
Exanple 5 it acquired catalyst 



(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Exanple Snaking use of catalyst which it acquires 
result is shown in Table 1 . 



[0035] 

[Working Example 6] (Manufacturing niobiumstarting 
material liquid) Niobium hydrogen oxalate 9 1 7g which 
contains 14.9wt%asNb2Q5 was nixed to 
water l OOOg niobium concentration of addition is 0. 
54(mol-Nb /Kg -liquid), dissolved liquid was 
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itl*, -ttl-etl, Mfi*1fcR|»=LT##Lfc«*. 0. 6 
?!2S!* f i! 2C 2 0 «* 2H *° 3 ****** fcfft. 



. (ttttoBs) nmtfMomxtfM o, v 0 b 0 , 2 t « 



[003 6] 



[0 0 3 7] #1 8 50gJZjtar M >5;>^ 7>t -^ A [N 
H 4 V0 3 J 9 2. Sj^. ttKLT*fllLfcfr. HBMtT 
CSbjOj] fl)tt*5 7. 6g£Jo*, 
5?' V-?95~100tt1 OfflBMOMUEL 

0 2 <-4H 2 0] 4 3 5. 1 g ca&ftj* 
IS2.°' t,C ^ ait ' C *^' -tEW=*?ff*«3 1 2. 4 g 

W»IZ«tt(CTAPag34<2 4 Ot. ttOiftg*<1 4 5t-PK 

HftT3 2 5feiRM«fiEL7c. = ®0Kt8 5 g £ jSS W 
>^(DSUS»ffrc3t*L, 15 0Nec/min(DSX^ 
6 0 0TC"C?2RMj»«LT«tt$«f ; . 



— t~i^* wuo >uAWi duiuuuu oy i nour neat and stir 
doirgwith95 c X: Result ofanalyziigrrole ratio of 
oxalicacid/niobiumtosimJarto WoridrgExanpIe 
lwas 52. TWs dissolved liquid after standing and 
ice cooling, filtering solid, itacquired niobium- 
cortaining liquid As for niobiumcorxxsiration in 
this niobiurrnxwrtaining liquid and mole ratio of oxalic 
acid / niobiun as for theresult of analyzing 
respectively, in same my as Workiig Exanple I it 
uasa 0.66(m)l.Nb/Kg-ljquid)anda2.4. honkr 
furthermore, mole ratio 3.0 of oxalic acid / niobium to 
become niobiumconcertration 0.46(mol -Nb/Kg- 
IiquicO intWs niobiimcortainiig liquid, heating and 
agitating including oxalic acid dihydrate (H2C2O** 
2 H20 ) and thewater, after meltir^, it cooled to 30 °C 
it used liquid which is acquired as niobium starting 
material liquid of thebelow-mertiored catalyst 
preparation. 

(Manufacturing catalyst) Conposition fomula of cataly 
st component bdngMoiV032Nbo.l 2 Te 0220b, 
besides abov^n^rtionedniobiiin starting iraterial 
liquid is used, manufecturing silica-born catalyst of 
SiQ2 content 30 weight%, in sane wayas Working 
Exanple 2, it acquired silica-bom catalyst 

(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Exanple 1 making use of catalyst which it acquires, 
result is shown in Table 1. 

[0036] 

[Working Example 7] (Manuf^uringniobiinistarting 
material liquid) Niobiumstartir^ material liquid of nule 
ratio 26 of oxalic acid / niobium was acquired to 
similar to theWorking Exanple 1 . 

(Maiiifacturing catalyst) It manufactured catalyst where 
conposition fomula is shown with Mol VO32Nb0.06 
Sb 0.1 6Gi, thefoIlowingway. 

[0037] Heating to water 1 85Qg including ammonium m 
etavanadate ( NH4 VQ)) 915 & aftenrelting, it 
acquired slurry including powder 57.6g of antirrony 
tnoxide(Sb2Q}). lOhoursheatir^andrefluxi^it 
did sluny which is acquired with 95 to 100 "Qit 
melted including ammonium heptamolybdate (( NB* ) 

6f^4*4H20)435JgnexL After coolim this 
mxed solution in approximately 10 °C, adding 

theabovGKrertioned niobium starting nnterial liquid 
31 2.4g, it acquired catalyst starting material corrfcined 
liquid. This starting material combined liquid was 
dried inlet tenperature 240^ and outlet tenperature 
being 145 °Cwithcentrifi^l type atc»riai« dryer, 
dry powder of microsphere was acquired dry 
powder which is acquired 1 hour was calcined with 
the325°C under air atmosphere. This powder 85c it 



1STA cannot 

behddliableforarydetnmentfromitsiBe. WWW: http://www.intlscience.com tSo^SS^) 



PJ6 



wasnuea in sue* tuoe ot diameter i men, under 
thenitrogpngss stream of ISONcc/min, 2 hours 
calcined with 600 °C and acquired thecatalyst 
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(MttiO'BK) ffl^*<Mo,V 0 32 Nboo6 S b 0 16 On"^* 

8. 1 gtLfc«ttSlK«7iH*lzLTHilLT*aSftfc 



(Oxidation reaction of propane) Otter than designating 
contact time as 10(s * gta) making use of 
catalystwhich it acquires, oxidation reaction of 
propane was done with same conditions Working 
Example], result is shown in Table l. 

[0038] 

[Working Example 8] (Manufactiring niobium starting 
material liquid) Mobium starting material liquid of mole 
ratio 3.0 of oxalic acid / niobium was acquired to 
similar to the Working Example 2. 

(Manrfacturii^ catalyst) Besides amxn* wed isdesig 
natedas31 9J2g catalyst where conposition fomulais 
shown with Mol V032NbO06 Sb 0. 1 60h, making 
use of above-mentioned niobium starting material 
Iiqwd^THrarfacturin& in same way as Working 
Exanple 7 it acquired catalyst. 

(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Exanple 7makii^ use of catalyst which it acquires, 
result is shown in Table 1 . 

[0039] 

[Comparative Exanple 3] (Manufacturing niobiumstarti 
ngiraterial liquid) Niobium startir^nHterial liquidof 
mole ratio 5.5 of oxalic acid / niobium was acquired to 
similar to the Working Example 3. 

(Manufacturing catalyst) Besides amour! used is desig 
nated as 358. 1 g catalyst where composition formdais 
shown with Mol V032Nb0.06 Sb 0.1 60h, making 
use of above-mentioned niobium starting material 
liquid^manufacturing, in same way as Working 
Exanple 7 it acquired catalyst. 

(Oxidation reaction of propane) Oxidation reaction of 
propane was done with same condition as Working 
Exanple 7making use of catalyst which it acquires 
result is shown in Table 1. 
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[Effects of the Invention] unsaturated carboxylic acid c 
an be acquired with high yield by this invention , 
making useof starting material liquid of niobium which 
is manufactured sinply. 
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